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缝隙连接传导功能下降，主要是通过 PKC 途径磷酸化缝隙连接蛋白 43 得以实现
的。这一发现为心律失常的治疗提供了新的思路，暗示降低心肌细胞而非血浆胆
固醇含量可有效治疗高胆固醇引起的缝隙连接传导功能下降的相关疾病。 






















Cholesterol is an important lipid in cells.It involves in the formation of cell 
membrane, and serve as raw material in the synthesis of bile acid and vitamin D. High 
concentration of cholesterol may cause hypercholesterolemia, sclerosis of the arteries, 
stroke, coronary heart disease, sudden cardiac death, etc. The cholesterol level is 
closely related with various kinds of cardiovascular risk such as arrhythmia,hence, the 
extent of cholesterol plays a crucial role in the cardiac performance, the test of the 
cholesterol prove to be the important indicator to identify arrhythmia. 
Currently, the dominant viewpoint about how cholesterol cause the formation of 
arrhythmia is: the beats of heart starts from the senatorial node, and its beat frequency 
is influenced by plant nerve and dynamics of blood flow in needs. The blood flow of 
normal senatorial node is only provided by the central artery. The sclerosis and 
narrowing of the central artery can make the senatorial node dysfunctional. Plasma 
lipid metabolic abnormality, especially the abnormality of the cholesterol level, can 
cause vascular endothelium damage, cholesterol deposition, extremely leading to the 
formation of arterial atheromatous plaque,it can result in the disorder of cardiac 
conduction system and myocardial ischemia, which could hamper the cardiac 
conduction , bring about continued electrical activity within the regional myocardial 
organization, and form turn-back between cells, causing variety of the occurrence of 
arrhythmia. 
However, far less is known about the correlation of membrane cholesterol levels 
in cardiomyocytes with cardiovascular diseases and the underlying molecular 
mechanism. As a special membrane structure, gap junction channels, widely existing 
in various cells, mediate a direct communication between adjacent cells. The main 
function of gap junction is that it can play a part in cell metabolism coupling and 
electric coupling. It is foundation of the structure of functional syncytium for the heart 
















in the same direction, and majority of Cx43 proteins are distributed between the 
ventricle muscle cell of intercalated disc. However, under pathological conditions, the 
distribution of Cx43 gap junction is subjected to be altered. 
This experiment found that followed by raising cellular cholesterol content, the 
level of Cx43 phosphorylation increases, the function of gap junction abates, the gap 
junctions between myocardial cells decouple. In addition, PKC inhibitors could 
restore function of the Cx43 gap junction channel degenerated by high cholesterol 
content. It suggests that high cholesterol can the conduction function caused 
myocardial cell gap junction drops, and the decline may be caused mainly by PKC 
phosphorylation of gap junction protein 43. Our study explained the mechanism of the 
high cholesterol action on arrhythmia in cardiovascular disease in molecular level. 
Moreover ,by activated PKC to phosphorylate protein 43 (Cx43) on the cell 
membrane ,it decouple gap junction and decrease the conductional function of H9c2 
gap junction in myocardial cell, which can mimics the state of myocardial cells of 
cardiac arrhythmias. Under this condition, we found when using MβCD or 
fenofibrateres (which commonly used as a cholesterol- lowering drug clinically to 
reduce cholesterol levels ) respectively to reduce cholesterol level in the cell 
membrane,it can striking ameliate the fuction of cell gap junction. It suggests that 
high level of cholesterol leads to conductional function of myocardial cell gap 
junction declined, which mainly through PKC pathway to phosphorylate the gap 
junction protein 43. This study provides a new mechanistic insight into the molecular 
pathogenesis of myocarditis and suggests that reduction of cholesterol content on 
cardiomyocytes membrane may be a promising strategy against cardiovascular 
diseases. 
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图 1 缝隙连接半通道结构图 
Figure 1 Graphical representation of Gap Junction Hemichannel（图引自 Gap 
Junction Hemichannel Interactions with Zwitterionic Lipid, Anionic Lipid, and 
Cholesterol: Molecular Simulation Studies. ） 
 
每个缝隙连接蛋白由 4 个跨膜亲水片段，2 个胞外环及 1 个胞内环组成，连
接蛋白的羧基末端与氨基末端都位于细胞胞质内，氨基末端相对保守，而羧基末
端相对活泼，羧基末端上的 247 位，265 位的酪氨酸 Y，255 位，262 位，279 位，
282 位，325 位，328 位，330 位，364 位，365 位，368 位，369 位，372 位的丝
氨酸 S，都相对较活泼，较易被磷酸化[1 8,19]。 
                   
图 2 缝隙连接蛋白 43 的磷酸化位点 
Figure 2 Phosphorylation sites in Cx43（引自 Connexin phosphorylation as a 

























至今为止，已发现 21 种缝隙连接蛋白，心肌细胞中主要有 Cx40,Cx43,Cx45。缝
隙连接蛋白 43 是心室肌细胞上主要的缝隙连接蛋白[ 22]。 
 
 
图 3 各种缝隙连接蛋白在心脏中的分布 
Figure 3 Summary of the typical connexin expression patterns of the 
mam-malian heart（引自 Remodelling of gap junctions and connexin expression 





























所需的细胞数目。而 H9c2 细胞，以 BDIX 胚胎鼠的心室为来源，具有骨骼肌与
心肌功能，可以模拟原代心室肌细胞，广泛应用于心脏疾病的研究[ 24,25 ]。 
目前常用的观察测量缝隙连接功能的方法，主要有划痕标记染料示踪技术  
(Scrape loading ），电穿孔染料标记法（Electroporatio），显微注射荧光分子法
（Microinjection），局部荧光活化技术(LAMP ， local activation of molecular 
fluorescent probe)，预标记染料传输技术    (Preloading assay)，荧光漂白再分布
技术(Gap-FRAP ，fluorescence recovery after photobleaching)，双电极膜片钳电耦
联方法（Dual Whole-cell Patch Clamp）[ 2 6]。 
划痕标记染料示踪技术，在高密度生长的单层细胞的表面，用锋锐刀片等划
痕，然后用荧光黄染料（LY,小分子物质，分子量仅 457，能自由的通过缝隙连接
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